Objective Adolescents with Type 1 diabetes are at risk for poorer adherence, lower quality of life (QOL), and poorer glycemic control (HbA1c). Authoritative parenting (AP) along with youth adherence and QOL was hypothesized to relate to better HbA1c. Conclusions Together, better youth adherence and higher QOL are two mechanisms by which more AP indirectly relates to better glycemic control during the early adolescent years.
Type 1 diabetes (T1D) is one of the most common chronic pediatric conditions with >15,000 new diagnoses each year in the United States Torpy, Campbell, & Glass, 2010) . Given that T1D is most commonly diagnosed during childhood, parents play an integral role in T1D management. This complex medical condition requires a multifaceted treatment regimen to which youth must adhere with assistance and guidance from parents.
Regimen adherence is complicated during the transition into adolescence when adherence often decreases and more erratic blood glucose (BG) control results as youth struggle to manage diabetes care amidst other developmentally normative activities (Amed et al., 2013) . Poorer adherence and glycemic control often occur. A decline also can occur in diabetes-related quality of life (QOL; Lawrence et al., 2012) based on the perceived impact that diabetes has on a youth's physical, emotional, mental, and social well-being (Wallander, Schmitt, & Koot, 2001) . Better adherence and higher diabetes QOL are facilitated by appropriate parental involvement and guidance during this challenging transition as youth assume more responsibility for complex diabetes management. The effectiveness of parental involvement can be understood, in part, by parenting style or the amount of warmth and control that parents exhibit during child rearing (Maccoby & Martin, 1983) . Authoritative parenting (AP), in particular, is related to better adherence and youth QOL, as supportive parents foster positive views of T1D and its associated regimen (Lawrence et al., 2012; Mlynarczyk, 2013) .
Authoritative Parenting
Recent literature indicates that parental style may buffer the difficulties faced by youth during the adolescent transition. Chronic illness in youth can change the parent/youth relationship and can impact the role of parents in child rearing (Case-Smith, 2004; Coffey, 2006) . Some medical conditions require greater parent involvement, which can result in increased parental regulation (Pinquart, 2013) . Higher levels of warmth generally yield better youth outcomes; conversely, parents who exhibit lower levels of warmth and higher levels of controlling behaviors have youth with poorer medical outcomes Pinquart, 2013) . In diabetes, youth must navigate the challenges associated with complex regimen management of BG monitoring, calculation and timing of insulin doses, dietary consumption, and energy expenditure. Throughout this process, parents provide varying levels of guidance and support which relates to different adolescent outcomes. An AP style, with higher levels of warmth and moderate levels of control, relates to better youth regimen adherence and QOL (Davis et al., 2001; Monaghan, Horn, Alvarez, Cogen, & Streisand, 2012; Mlynarczyk, 2013) . Authoritative parents are more likely to allow their children autonomy to explore and to practice self-care while providing safety, structure, and support. Thus, higher levels of AP should relate to better glycemic control through both better youth adherence and better youth QOL.
Indeed, adolescents with parents who have higher levels of AP have better regimen adherence, higher QOL, and better glycemic control or lower glycosylated hemoglobin (HbA1c; Greene, Mandleco, Roper, Marshall, & Dyches, 2010; Mlynarczyk, 2013; Monaghan et al., 2012) . Initial studies reveal that AP is the only parenting style related to better diabetes outcomes; permissive parenting relates to poorer outcomes (Davis et al., 2001) . However, earlier studies have not evaluated levels of AP. Further, earlier studies of parenting style may be susceptible to social desirability biases because parents self-reported their parenting styles.
Adherence
A complex diabetes care regimen can make adherence challenging for some youth. Adherence is described as a youth's ability to follow a diabetes treatment plan by checking BG levels, taking insulin, as well as general care behaviors, such as diet and exercise . In fact, the frequency of youths' BG monitoring is predictive of how closely youths adhere to their regimen, with more BG checks related to better adherence (Kichler, Kaugars, Maglio, & Alemzadeh, 2012) . Closer adherence to a prescribed regimen results in lower HbA1c levels and fewer health complications (Mulvaney et al., 2012; Rausch et al., 2012) . However, more than half of youth with T1D do not meet the adherence guidelines prescribed by their endocrinologists (Amed et al., 2013) . Many factors relate to adherence declines in adolescence, most notably, reduced parental monitoring and poorer communication, as well as more erratic extracurricular schedules and correspondingly less predictable adherence behaviors exacerbated by more time outside the home (Amed et al., 2013; Amiel, Sherwin, Simonson, Lauritano, & Tamborlane, 1986; Chisholm et al., 2007; Hilliard, Wu, Rausch, Dolan, & Hood, 2013; Rustad et al., 2013; Wysocki & Greco, 2006) . In contrast, AP fosters T1D self-efficacy and can help prevent a decline in adolescent adherence (Wiebe et al., 2005) . However, source bias and halo effects may skew some of these findings because studies often have parents report their parenting style and youth report their adherence. Use of multiple informants could provide greater stability and reliability in diabetes constructs.
Quality of Life
Management of a complex T1D regimen can have a significant impact on a youth's QOL. AP and successful transition from greater parent to more youth responsibility during adolescence relates to better youth QOL (Naughton et al., 2008; Reynolds & Helgeson, 2011) . Better adherence also is associated with higher QOL, positive health-related outcomes, better family relationships, and less psychological distress (Lawrence et al., 2012; Naughton et al., 2008; Pereira, Berg-Cross, Almeida, & Machado, 2008; Reynolds & Helgeson, 2011) . In contrast, lower QOL relates to poorer general health outcomes including increased comorbidities and complications at 10-year follow-up (Naughton et al., 2008; Wikblad, Leksell, & Wibell, 1996) .
A number of factors are related to both QOL and physical health outcomes (Lawrence et al., 2012; Naughton et al., 2008; Mlynarczyk, 2013) . As noted, better adherence is associated with better youth diabetes-related QOL and better glycemic control (Lawrence et al., 2012) . Further, parents who exhibit higher levels of AP have youth who experience better adherence and better diabetes-related QOL (Mlynarczyk, 2013) . Surprisingly, a relation between QOL and better glycemic control is not always found, suggesting this relation may not be straightforward.
To better understand the role of AP in youth glycemic control, co-occurring QOL and adherence may need to be simultaneously studied with a statistical approach that models the interrelations of these factors. More complex or subtle relations could be revealed among key components of diabetes management with concurrent modeling of constructs through structural equation modeling (SEM). SEM also provides an opportunity to combine parent and youth data for more stability and greater construct reliability, particularly with important constructs such as adherence and QOL. A parent/youth mixed-source method can provide important information about reporter dyads that minimize individual biases . Specifically, as youth in the current study were old enough, 11-14 years, to provide impartial reports of AP this source was chosen to prevent parental rater bias (Holmbeck, Li, Schurman, Friedman, & Coakley, 2002) . Similarly, combined parent and youth reports of adherence and QOL were used to avoid individual rater bias. Further, the combination of parent and youth reports of QOL ensures a complete representation of both internal and external aspects of wellbeing (Varni et al., 2003) .
In addition to multisource data, a multimethod approach was used to obtain study information. Prior evaluations of adherence in the context of AP often rely on a sole questionnaire to describe diabetes behaviors. Questionnaires can provide a useful overall summary of adherence. However, a relatively global estimate of behavior over a relatively long time interval of a week or more can exhibit pronounced halo effects (Clifford, Perez-Nieves, Skalicky, Reany, & Coyne, 2014) . Inclusion of an additional adherence measure of BG checks over multiple, brief 24-hr intervals should strengthen the adherence component of the study. Incorporation of multiple methods further reduces biases in reporting and provides richer information about a construct .
As a statistical approach, SEM allows both adherence and QOL to be tested simultaneously as paths that may relate AP to HbA1c and allows evaluation of whether AP has a direct or indirect relation with HbA1c. Simultaneous analysis of AP, QOL, adherence, and HbA1c also can characterize the interrelations among these factors that naturally co-occur while controlling the effects of relevant demographic variables of socioeconomic status (SES) and diabetes factors, such as type of insulin regimen, that relate to HbA1c. Using SEM, the current study hypothesizes that higher levels of AP will relate to higher levels of adherence and to better QOL, each of which may relate to one another. Further, higher levels of adherence and youth QOL should relate to lower (better) HbA1c. Through SEM, both direct and indirect paths of AP to HbA1c will be evaluated simultaneously with connections through adherence and QOL.
Method

Participants
Participants were 257 parent-youth dyads (youth aged 11-14 years) enrolled in a randomized clinical trial (RCT) at two Mid-Atlantic children's hospitals. Enrollment in the trial required willingness to participate in four brief coping or education intervention sessions at routine endocrinology visits over the course of a year. Psychological measures from the baseline assessment were evaluated for this study, in addition to HbA1c data that were collected at baseline and at 3 months. Both HbA1c data points occurred before the start of intervention. Eligibility requirements for the trial included diabetes duration of at least 1 year, absence of severe complications or other medical diagnoses, and English fluency.
Procedure
The psychological data for these analyses were baseline data collected from an RCT approved by institutional review boards at each hospital and university. Eligible families were identified from endocrinology clinic rosters. Families were mailed an informational letter, which was followed by a phone call from trained research assistants. At a regularly scheduled endocrinology clinic visit, each youth and one parent provided assent and consent, respectively, and completed self-report questionnaires. Total testing time was approximately 1 hr. Youth received a $25 gift card for participation.
Measures
Disease and Demographic Information
Background information was collected from parents with a questionnaire developed by the research team that included information about youth age, gender, ethnicity, date of diagnosis, insulin regimen (pump vs. number of injections), and caregiver marital status. SES was calculated using the Hollingshead FourFactor Index, based on parental education and employment (Hollingshead, 1975) .
Authoritative Parenting
The Parenting Styles Index (PSI) is a youth report measure of AP (Steinberg, Lamborn, Dornbusch, & Darling, 1992 ) that consists of three scales of Acceptance/Involvement, Strictness/Supervision, and Autonomy Granting. Youth report the frequency of AP behaviors on this 26-item questionnaire. Internal consistency for the PSI has been previously established (Steinberg et al., 1992) . Internal reliability for study participants was Acceptance/Involvement (a ¼ .75), Strictness/Supervision (a ¼ .57), and Autonomy Granting (a ¼ .62). Scores from each scale were entered into an AP construct for the SEM measurement model initially, but ultimately only the Acceptance/ Involvement scale was retained in the final measurement model and in the SEM analysis.
Adherence A multimethod approach to the measurement of adherence was undertaken. First, youth and parent reported BG checks per day on an adapted version of the 24-hr Diabetes Interview (DI; Holmes et al., 2006) . During the DI, youth and parents are interviewed separately and asked to report the number of BG checks completed on the previous day, using their glucose meters brought to clinic to enhance accuracy of report. Reports from two occasions during the same 2-week span were averaged for each reporter. Previous literature has indicated that number of BG checks per day is a reliable proxy for diabetes management in youth, with more BG checks related to better glycemic control (Hilliard et al., 2013) .
Next, parents and youth also completed the Diabetes Behavior Rating Scale (DBRS; . The DBRS questionnaire asks respondents to rate the frequency with which routine T1D care behaviors (e.g., prevention, modification, and intervention behaviors) occurred over the previous week. Two forms of the DBRS exist: one for youth on a regimen of insulin injections (36 items) and one for youth who an insulin pump (37 items). Higher scores indicate better adherence. Internal consistency for the DBRS has been well established . Total scores were analyzed. For the current study, good internal consistency was found for each version (DBRS parent report for pump a ¼ .69, DBRS youth report for pump a ¼ .80, DBRS parent report for insulin injection a ¼ .79, DBRS youth report for insulin injections a ¼ .81).
Quality of Life
Youth and parents completed the Pediatric QOL-T1D Module questionnaire (Varni et al., 2003) . The QOL Diabetes Module is a self-report measure that examines QOL in areas of problems, barriers, adherence, worry, and communication. Participants rated each of the 28 items on a 5-point scale (Never ¼ 0 to Almost Always ¼ 4) with higher scores indicating higher QOL. Scores are summed to provide a total QOL index for youth and another for parents such that higher scores indicate a better QOL and fewer problems. Internal consistency for the QOL has been well established (Varni et al., 2003) . Total youth and total parent scores were used to create a QOL construct. Internal consistency was calculated for both parent and youth report (youth report a ¼ .86; parent report a ¼ .83).
Glycemic Control
To assess glycemic control (HbA1c), HbA1c values were assayed from blood samples (DCA 2000, Bayer, Inc., Tarrytown, NY) during a routine endocrinology visit. Baseline HbA1c was collected from youths' medical charts to coincide with participant entrance into the study. To provide greater stability to the glycemic control measure, a second HbA1c was recorded, 3 months later, but before the initiation of psychological treatment. HbA1c assays provide historical information about average glucose levels over the previous 3 months. Lower values reflect better glycemic control.
Data Analytic Plan
Descriptive analyses were conducted with SPSS 21 (IBM Corp., 2012). Pearson's correlation coefficients evaluated relations among demographic factors, AP, adherence, QOL, and glycemic control. SEM analyses were conducted with Mplus 6 software (Muthén & Muthén, 1998 . Post hoc power analysis used the root-mean-square error of approximation (RMSEA) parameter from the SEM model (MacCallum, Browne, & Cai, 2006; MacCallum, Browne, & Sugarwara, 1996) and revealed 0.831 power, which is adequate. G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) was used to conduct a sample size estimate based on the correlations of the direct effects in the SEM model. The G*Power sample size indicates N < 200 for each relation to reach at least 80% power. The full information maximum likelihood procedure was used to include participants who had missing individual data points, presumed to be missing at random. This procedure, which is the default in Mplus 6, imputes missing data values based on the current estimate of known parameters and then re-estimates the parameters based on known and imputed data (Collins, Schafer, & Kam, 2001 ). This method is a preferred way to handle missing data, as it includes all available data in statistical analyses (Collins et al., 2001) . Demographic data with missing values were not estimated.
The fit and indicator factor loadings of each latent variable were examined using Confirmatory Factor Analysis. Model fit and standardized path loadings were examined within the SEM (Kline, 2011; MacCallum & Austin, 2000) . To account for contextual factors that may affect the constructs of interest, correlated medical and demographic variables were considered in the model. Modification indices were accepted one at a time until model fit was deemed acceptable. Direct and indirect effects among the latent and observed variables in the model were analyzed using the MacKinnon method for SEM (MacKinnon, 2008) .
Overall model fit was assessed using five empirically established value indicators. A chi-square value closer to zero with a p value >.05 indicates good fit (Hu & Bentler, 1999) . However, owing to the large sample size of the current study, the chi-square statistic is not the best assessment of fit because it is closely related to sample size. A RMSEA value <0.06 indicates good fit (Hu & Bentler, 1998 , 1999 ) and a standardized root mean square residual (SRMSR) value <0.08 indicates acceptable fit (Kline, 2011) . Additionally, a comparative fit index (CFI) and Tucker-Lewis index (TLI) value >0.90 indicate acceptable fit (Hu & Bentler, 1998) .
Results
Descriptive Results
Participants included 257 parent-youth dyads (51% male) aged 11-14 years (M ¼ 12.84, SD ¼ 1.24) with T1D and their primary caregivers (91% mothers; Table I ). Youth were primarily Caucasian (69%) and from middle-class families (42% upper-middle, 39% middle). At baseline, the mean HbA1c was 8.81% (SD ¼ 1.63) and at 3 months 8.93% (SD ¼ 1.54), higher than recommended by the American Diabetes Association (ADA) for this age but consistent with other published studies (Chiang et al., 2014 ). An insulin pump was the most common type of regimen (44%), while 20% had an intensive basal/bolus regimen.
Parents and youth reported somewhat low, though normative, levels of diabetes adherence on a global questionnaire (DBRS; . Data from the 24-hr DI revealed an average of 4.3 BG checks per day. This average falls below the six BG checks per day recommended by the ADA but is comparable with that of other adolescent samples (Chiang et al., 2014; Holmes, et al., 2006) . With respect to diabetes-related QOL, both parents and youth reported scores within 1 SD of normative data (Varni et al., 2003) . Normative data for AP were not available.
Preliminary Analyses
Means, standard deviations, and correlations of key study variables are presented in Table II . As expected, results showed that all indicator variables for each latent construct (i.e., AP, Adherence, QOL, and Glycemic Control) were intercorrelated except that the PSI Strictness/Supervision subscale was not significantly correlated with the PSI Autonomy Granting subscale.
Structural Equation Model
The initial measurement model consisted of four latent variables measuring parenting style (three subscales), adherence (parent-and youth-reported DBRS, parentand youth-reported BG checks on the 24-hr DI), QOL (parent and youth reports), and glycemic control (HbA1c at baseline and at 3 months). The fit and indicator factor loadings of each latent variable were examined using confirmatory factor analysis. All indicators sufficiently loaded onto the hypothesized latent constructs (b > .50, p < .001), except the PSI Autonomy Granting subscale (b ¼.20, p ¼ .012) and PSI Strictness/ Supervision subscales (b ¼ .32, p < .001). Accordingly, these two subscales were deleted and AP was reconstructed as an observed variable based on the Acceptance/Involvement subscale alone.
The final measurement model consisted of three latent variables measuring adherence (parent-and youthreported DBRS), parent-and youth-reported BG checks (on the 24-hr DI), QOL (parent and youth report), and glycemic control (HbA1c at baseline and at 3 months). The proposed measurement model demonstrated good fit with the data, x an observed exogenous variable, and child age, insulin regimen, and SES were included in the model as covariates. Standardized coefficients are presented in Figure 2 . The pathways from AP acceptance/involvement to glycemic control through adherence and QOL was examined with the indirect effects and their standard errors (SE) computed by Mplus. Note. Numbers are standardized path estimates. † p < .10, *p <. 05, **p < .01, ***p < .001.
suggest that adherence and QOL together link parental acceptance and involvement to lower HbA1c. Overall, the model accounted for 45% of the variance in adherence, 38% of the variance in QOL, and 32% of the variance in glycemic control.
Discussion
AP is connected to better glycemic control directly through better adherence. Further, paths from better adherence and from higher QOL together indirectly link AP to better glycemic control. This indirect link likely arises from the moderate correlation between better adherence and higher QOL such that although adherence alone is sufficient to directly link AP to glycemic control, it also combines with QOL and indirectly connects to glycemic control as well. Novel use of SEM to study AP in the T1D literature was able to detect these direct and subtler indirect relations between AP and better glycemic control. Consistent with prior literature, established relations were found between more AP and better youth adherence (Greene et al., 2010 , Mlynarczyk, 2013 as well as between better adherence and better glycemic control (Lawrence et al., 2012; Nansel et al., 2008; Naughton et al., 2008) . However, contrary to earlier reports in the literature (Anderson et al., 2002; Greene et al., 2010; Sherifali et al., 2009 ), a direct path between AP and glycemic control was not obtained when factors of adherence and QOL were simultaneously considered.
New to the literature, the use of SEM showed that AP is directly related to glycemic control through better youth adherence when interrelated components of diabetes management are considered, as occurs naturalistically. Higher levels of AP, specifically parental acceptance and involvement, relate to better regimen adherence, which in turn relates to better glycemic control. This chain of associations suggests that better adherence may be an integral component of the link between higher levels of AP and better glycemic control (Greene et al., 2010 , Mlynarczyk, 2013 . This assertion is further supported by the present results because, like others, the present study found a direct association between the Parental Involvement subscale of the AP measure and glycemic control in the simple bivariate correlations (Table II) . However, with more complex modeling that simultaneously considers the inextricably linked roles of youth adherence and QOL, the direct association of AP to glycemic control is no longer significant in the SEM (b ¼.01). Instead of a direct relation, AP is linked to glycemic control through adherence. In the present study, children with more authoritative and involved parents have correspondingly better adherence and better glycemic control.
Also new to the literature, an indirect relation was found between AP and glycemic control through the two avenues of youth adherence and diabetes QOL. Not surprisingly, better youth adherence relates to better QOL (b ¼.52) and in fact the two factors are moderately correlated (b ¼.47). Their intercorrelation may explain why both together link AP to glycemic control indirectly. In essence, the indirect paths of AP to glycemic control through both adherence and QOL asserts the importance of adherence and better QOL. Longitudinal study of this relation could determine whether there is a dynamic interplay between the two factors. Interestingly, higher QOL may serve as a proxy indicator of the quality of parental involvement during parent-youth adherence interactions, although presently studied variables only hint, and cannot confirm, this possibility. Alternatively, QOL may serve as an overall indicator of the day-to-day successfulness or smoothness of parent/youth adherence efforts. These possibilities necessarily are speculative, pending additional investigation. Nonetheless, these findings show favorable relations among AP and youth diabetes functioning, as measured by better adherence, higher QOL, and better glycemic control.
In the present study, parental involvement from the PSI drives the AP findings. As noted in a preliminary measurement model with all AP subscales, the Acceptance/Involvement subscale loaded the highest (b ¼.76) on the AP latent construct, possibly an artifact of families who enrolled into a yearlong study to improve youth diabetes adherence. Owing to the lower loadings of the Strictness/Supervision (b ¼.32) and Autonomy Granting (b ¼.20) subscales, these were removed from the final measurement model. These lower loadings may reflect the young adolescent age of the present sample, which coupled with a complex daily medical regimen, necessarily requires more parental structure to ensure good health and a potentially lower level of youth autonomy for age. Nonetheless, parental involvement that is warm and supportive, characteristic of AP, is related throughout adolescence to better youth adherence and glycemic control (King, Berg, Butner, Butler & Wiebe, 2014; Wiebe, et al., 2005) .
Selection of multiple or optimal reporters for each construct in the study was designed to minimize source bias. Parent and youth reports of adherence and QOL along with youth report of AP was designed to measure each construct adequately and to minimize well-known single-source error effects and bias (Kline, 2011) . A mixed-source method can manage reporting biases and provide detailed information about the functioning of parent-youth dyads . Further, multiple reporters and multiple measures of observable behavior in a latent construct can account more accurately for the data as a whole.
Inclusion of ratings from multiple reporters allows analysis of family-level data, accounts for withinfamily nonindependence, and more accurately measures each construct (Kenny, 1995) .
The present SEM findings provide novel information about the interrelation of youth adherence and QOL and their association to AP and better glycemic control. Few studies have examined QOL, as it relates to either AP or glycemic control or examined QOL as a function of the multiple reporters. In addition to a path from better adherence to better QOL, youth regimen adherence and QOL are significantly correlated. Both constructs were reported by both youths and parents, providing more stability and increased confidence in the strength of these findings.
The validity of the present model is supported by the diabetes and demographic relations found in the bivariate correlations. Consistent with the literature, youth with more intensive insulin regimens or those from higher SES families exhibited better glycemic control. Youth who checked their BG levels more frequently reported higher QOL and better glycemic control. In this sample of 11-14-year-olds, older youth was related to less parental involvement, lower levels of general adherence, less BG monitoring, lower QOL, and poorer glycemic control. These latter associations underscore the ongoing clinical need for programs that assist parents and their young adolescents with successful diabetes management strategies.
Limitations of the current study include a preponderance of middle-and higher-SES families who tend to report higher levels of AP such that range restriction should be considered in these results (Lamborn et al., 1991) . Research with a broader range of SES would enhance generalization of the findings. Also, the present study of baseline psychological data collected from a RCT does not allow causal inferences to be made.
Strengths of this study include a large sample of youths and parents who are representative of other published samples of adolescents with T1D. The large sample size (n ¼ 257 dyads) provides sufficient statistical power to conduct the current SEM model. Further, inclusion of a sizable minority population (30%) also should enhance the generalization of the study results. This study examined adherence and QOL as potential mechanisms by which more AP is related to better glycemic control. With a deeper understanding of the interrelations among AP and beneficial aspects of diabetes management, clinicians should be better able to better assist parents and youth navigate the transition into adolescence.
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